dition, are immediately referred to the neurosurgical department of either hospital. 12, 13, [15] [16] [17] Even if a patient was dead by the time of referral or was moribund on admission, we attempted to perform CT scanning studies whenever possible to confirm SAH and clinical information was collected from relatives. In addition, I reviewed the death certificates and analyzed the records of those suspected of having died of SAH.
14 During the 19-year period between 1980 and 1998, aneurysmal SAH was diagnosed in 358 patients. 12 The exact location of the ruptured aneurysm was confirmed on angiography, surgery, and/or autopsy in 292 (82%) of 358 patients. In the remaining patients, the aneurysm was not confirmed, although the CT findings and clinical courses in these patients were highly indicative of SAH due to ruptured aneurysm.
Patients with incomplete risk factor data were excluded from evaluation. Finally, of the 358 patients with aneurysmal SAH, 247 (69%) were eligible for inclusion in the study. Their ages ranged from 28 to 96 years, and 108 were men and 139 were women. In all 247 patients, SAH was verified on CT scanning. According to the World Federation of Neurosurgical Societies scale, 6 119 patients (48%) had Grade I SAH, 20 (8%) Grade II, nine (4%) Grade III, 51 (21%) Grade IV, and 48 (19%) Grade V. Patients who died before hospital admission or suffered cardiorespiratory arrest on arrival were considered to have Grade V SAH. The exact location of the ruptured aneurysm was confirmed in 219 (89%) of 247 patients; 78 patients (36%) had lesions on the anterior communicating artery, 19 (9%) on the distal anterior cerebral artery, 49 (22%) on the internal carotid artery, 61 (28%) on the middle cerebral artery, and 12 (5%) on the vertebrobasilar artery. Of the 219 patients, 64 (29%) had multiple aneurysms.
The control volunteers consisted of 247 patients (25-95 years old) with head injury who were residents of Izumo or surrounding areas and were admitted to the Department of Neurosurgery, Shimane Prefectural Central Hospital during the same 19-year period. They were randomly selected from among patients whose risk factor data were complete. The control volunteers were matched individually by age (Ϯ 5 years) and sex to each patient with aneurysmal SAH.
The variables assessed as possible risk factors for aneurysmal SAH included hypertension, diabetes mellitus, heart disease (valvular disease, coronary heart disease, and myocardial infarction), liver disease (liver cirrhosis and hepatitis), cigarette smoking, alcohol consumption, and serum levels of total cholesterol, AST (normal range 8-40 IU/L), ALT (normal range 5-35 IU/L), and UN (normal range 6-20 mg/dl). Hypertension was defined as a history of the disorder, regardless of treatment with antihypertension medication. Information on diabetes, heart disease, and liver disease was based on medical history. Serum levels of total cholesterol, AST, ALT, and UN were obtained on admission to the hospital. Hypertension, diabetes mellitus, heart disease, and liver disease were recorded as either present or absent. Because there were too few former smokers (three patients and two control volunteers) to make an effective comparison with nonsmokers, current regular smokers and former smokers were combined. Alcohol consumption was classified as daily, occasional, or no drinking. Serum total cholesterol levels were recorded as 220 mg/dl or greater or as lower than 220 mg/dl, AST as greater than 40 IU/L or as 40 IU/L or less, ALT as greater than 35 IU/L or as 35 IU/L or less, and UN as greater than 20 mg/dl or as 20 mg/dl or less.
Differences between patients and control volunteers were determined using the chi-square test for categorical variables and the unpaired t-test for continuous variables. The ORs with 95% CIs were calculated using conditional logistic regression with the aid of commercially available software (PRO PHREG; SAS Institute, Inc., Cary, NC). A probability value of less than 0.05 was considered to be significant. Table 1 shows the proportions of patients with aneurysmal SAH and control volunteers exposed to the various risk factors. When comparing 247 patients with SAH with 247 control volunteers, hypertension, cigarette smoking, and hypercholesterolemia were significantly more common in patients with SAH than in controls. In contrast, a history of diabetes mellitus and a high AST level were significantly less common in patients with SAH. When comparing risk factors in both groups stratified by age and sex, hypertension was significantly more common in patients with SAH than in controls, regardless of age and sex. In those 59 years old or younger and in men, cigarette smoking was significantly more frequent in patients with SAH than in controls. In those 60 years of age or older and in women, hypercholesterolemia was more common in patients with SAH than in controls. Among patients with SAH, the mean serum cholesterol level was 189 mg/dl in the group, 187 mg/dl in those 59 years old or younger, 191 mg/dl in those 60 years of age or older, 178 mg/dl in men, and 197 mg/dl in women. Corresponding values for control volunteers were 176, 181, 173, 169, and 183 mg/dl, respectively (p Ͻ 0.001, p = 0.357, p Ͻ 0.001, p = 0.061, and p = 0.003, respectively). In contrast, a history of diabetes mellitus was significantly less common in patients with SAH than in control volunteers among those 60 years of age or older; a high AST level was significantly less common in those 59 years of age or younger and in men. Table 2 shows the proportions of patients with confirmed ruptured aneurysms and control volunteers. There was no great difference in the prevalence of risk factors between 219 patients with confirmed ruptured aneurysms and 247 with SAH. The difference between patients and control volunteers in cigarette smoking was statistically insignificant, and the difference between female patients and female control volunteers in diabetes mellitus reached a significant level. Table 3 shows the proportions of men and women stratified by age. Among men 59 years old and younger, hypertension and cigarette smoking were significantly more common in those with SAH than in controls, although this trend was not borne out among men 60 years of age or older. In women, hypertension was significantly more common in those with SAH than in controls, regardless of age. Among both men and women 60 years of age or older, hypercholesterolemia was significantly more common in those with SAH than in controls, although this trend did not affect men and women 59 years of age or younger. Table 4 features the adjusted ORs describing the association between patients with aneurysmal SAH and exposure variables, which were obtained on multivariate analyses.
Results
When all patients were included in the analyses, hypertension, cigarette smoking, and hypercholesterolemia were independently associated with an increased risk of SAH, whereas diabetes mellitus, heart disease, and a high AST level were associated with a decreased risk. When calculating ORs stratified by age and sex, hypertension proved to be independently and strongly associated with an increased risk of SAH, regardless of age and sex. The OR for hypertension was greater in women than in men. Cigarette smoking was associated with an increased risk of SAH in individuals 59 years of age or younger and in men, whereas hypercholesterolemia was associated with an increased SAH risk in individuals 60 years of age or older and in women. In contrast, diabetes mellitus and heart disease were related to decreased risk of SAH in individuals 60 years of age or older and in women. A high ALT level was significantly associated with an increased risk of SAH in men, whereas a high AST level was associated with a (9) 3 (3) 3 (3) 6 (4) ‡ 18 (13) 4 (4) 8 (7) 5 (4) 13 (9) heart disease 22 (9) 25 (10) 3 (3) 1 (1) 19 (14) 24 (17) 6 (6) 4 (4) 16 (12) 21 (15) liver disease 18 (7) 17 (7) 9 (8) 3 (3) 9 (6) 14 (10) 10 (9) 12 (11) 8 (6) 5 (4) (28) 51 (47) 44 (41) 29 (21) 26 (19) 70 (65) 62 (57) 10 (7) 8 (6) total cholesterol level 61 (25) † 28 (11) 23 (21) 16 (15) 38 (27) † 12 (9) 18 (17) 10 (9) 43 (31) (26) 24 (17) 29 (21) 15 (14) ‡ 30 (28) 23 (17) 
33 (13) 39 (16) 16 (15) 20 (19) 17 (12) 19 (14) 19 (18) 20 (19) 14 (10) 19 (14) UN level Ͼ20 mg/dl 54 (22) 49 (20) 22 (20) 13 (12) 32 (23) 36 (26) 24 (22) 20 (19) 30 (22) 29 (21) * Values represent the number (%). Abbreviation: SD = standard deviation. † p Ͻ 0.001, compared with controls. ‡ p Ͻ 0.05, compared with controls. § p Ͻ 0.01, compared with controls. (8) 3 (3) 3 (3) 4 (3) § 15 (13) 4 (4) 8 (9) 3 (2) ‡ 10 (8) heart disease 18 (8) 23 (11) 3 (3) 1 (1) 15 (13) 22 (18) 6 (6) 4 (4) 12 (10) 19 (15) (16) 14 (14) 18 (18) 13 (11) 16 (13) 15 (16) 18 (19) 12 (10) 16 (13) UN level Ͼ20 mg/dl 46 (21) 48 (22) 21 (21) 13 (13) 25 (21) 35 (29) 21 (22) 19 (20) 25 (20) 29 (23) * Values represent the number (%). † p Ͻ 0.001, compared with controls. ‡ p Ͻ 0.05, compared with controls. § p Ͻ 0.01, compared with controls.
decreased risk in anyone 59 years of age or younger and in men. Table 5 shows the results of multivariate analysis involving only patients with verified ruptured aneurysms. These results were very similar to those in patients with SAH; however, cigarette smoking and a high AST level in this entire group and a high ALT level in men were insignificant as risk factors for ruptured aneurysms.
Multivariate ORs were not calculated for men and women stratified by age because the numbers making up some groups were relatively small.
Discussion
In this study, of the 358 patients with aneurysmal SAH, 247 (69%) were selected for analysis of risk factors. Age and sex distribution in this patient group were similar to those in the entire series population, that is, 358 patients with aneurysmal SAH. 11, 12 Note that age and sex distribution in the 358 patients have been previously reported. The distributions of age, sex, and the sites of aneurysmal rupture were similar to those in previous studies in Izumo. [12] [13] [14] [15] With regard to the clinical grades on admission, the proportion of Grade V SAHs was a little lower than in previous studies conducted in Izumo, 13, 17 mainly because blood examination was not possible in patients who were dead on arrival or in very poor condition. Data from some previous studies indicate a positive association between hypertension, cigarette smoking, and heavy alcohol consumption and poor outcome following SAH, but the prognostic significance of risk factors has remained unclear. 13, 19, 33, 37, 46 (20) 14 (22) 6 (14) 6 (14) 3 (7) 6 (14) 11 (12) 13 (14) UN level Ͼ20 mg/dl 16 (25) 8 (13) 8 (18) 12 (27) 6 (14) 5 (11) 24 (25) 24 ( of these risk factors in patients with SAH might be greater than those in this study. In another study conducted between 1980 and 1998 in Izumo City, risk factors did not influence the 6-month and 2-year survival rates after SAH. 13 
Hypertension and SAH
A history of hypertension is a well-known risk factor for SAH, but data from previous studies conflict with respect to the association between hypertension and SAH. In most studies, hypertension was found to increase the risk of SAH, 3, 4, 11, 16, 26, 27, 29, 32, 35, 40, 43, 44 whereas in two case-control studies hypertension was not associated with an increased risk. 21, 30 The significance of hypertension in aneurysm formation and enlargement is unclear, although Østergaard and Høg 36 demonstrated a role for the disorder in the formation of multiple intracranial aneurysms. Sakaki, et al., 42 reported data from a clinical study of de novo aneurysms and asserted that BP control is important in protecting against new aneurysm formation. Nonetheless, data from more recent studies have not revealed an association between hypertension and multiple aneurysms or the size of ruptured aneurysms. 20, 38, 39 With respect to aneurysm rupture, some authors have maintained that hypertension seems to increase the risk of rupture, 11, 16, 43 whereas others have indicated that it does not. 22, 45 In this study, hypertension was the most important risk factor for aneurysmal SAH, regardless of age and sex. Data from previous studies 11, 16 have shown that there are diurnal and seasonal variations in the occurrence of aneurysmal SAH. In particular, SAH exhibits a bimodal distribution, with an initial peak between 6:00 and 10:00 a.m. and a second peak between 4:00 and 8:00 p.m. Furthermore, in some patient categories, the occurrence of SAH peaked in winter and bottomed-out in summer. 11, 16 These pattern changes in SAH occurrence were explained by diurnal and seasonal changes in BP. 11, 16 In patients with SAH, an abrupt increase in BP is likely to play an important role. 11, 16 Generally, the prevalence of hypertension increases with age. In this study, hypertension in both the patients with SAH and control volunteers was greater in those 60 years of age or older compared with that in those 59 years of age or younger, regardless of sex. Elderly patients with unruptured aneurysms are likely to have hypertension, and hypertension is a risk factor for subsequent SAH. 43 Therefore, the high incidence rate for SAH in the elderly seems to be due to hypertension. Izumo City has one of the highest proportions of elderly residents in Japan. Thus, the high incidence rate for SAH in Izumo could reflect a more thorough and accurate diagnosis policy, even in very old patients. [11] [12] [13] [14] [15] [16] [17] With respect to sex differences, an association between hypertension and an increased risk of SAH has been more evident in women than in men. 27 In this study, the prevalence of hypertension in male and female control volunteers did not differ significantly between the sexes, and the percentage of control volunteers who had a history of hypertension was comparable to that of the general population in Japan. Among patients with SAH, however, the prevalence of hypertension was greater in women than in men (p = 0.047), and the respective ORs were 4.86 and 3.20. Therefore, data in this study indicate that although hypertension is indeed associated with an increased risk of SAH in both men and women, its effect is more apparent in women.
Cigarette Smoking
The relationship between cigarette smoking and SAH has been investigated in both case-controlled [2] [3] [4] 21, 26, 30, 32, 33, 35, 40 and prospective cohort studies, 25, 27 and smoking is widely recognized as a notable risk factor for SAH. It is possible that cigarette smoking can increase the risk of SAH by aneurysm formation 20, 24, 38 and by increasing the growth rate of a preexisting aneurysm. 23, 24 Furthermore, smoking also seems to increase the risk of multiple aneurysms and de novo aneurysm formation. 20, 24, 38 Nonetheless, the mechanism by which cigarette smoking contributes to aneurysm formation and SAH has remained unknown. Gaetani, et al., 7 asserted that the basic mechanism behind the increased risk of SAH in smokers involves a qualitative deficiency of ␣ 1 -antitrypsin, a major inhibitor of elastase. Qureshi, et al., [38] [39] [40] hypothesized that smoking promotes degradation of elastin in blood vessel walls, making walls susceptible to dilation because of the BP load at anatomical sites of maximal turbulence. Epidemiological study data have shown that smokers have lower BP than former smokers and nonsmokers, 10 whereas smoking a cigarette triggers an acute rise in BP, especially systolic pressure. 5 This transient increase in BP, which dissipates within 3 hours, may help to trigger SAH. 30 In this study, the number of former smokers was too low to allow reliable estimation of a smoking habit as a risk factor for SAH. Some investigators have indicated that former smokers have an increased risk, although this risk is still lower than that in current smokers. 30 Cigarette smoking in both patients with SAH and control volunteers was more prevalent among younger individuals and among men, thus reflecting the general smoking habits of the Japanese population. Among younger men cigarette smoking was more common in patients with SAH than in control volunteers, whereas among older men and among women there was no significant difference in smoking between the two groups. Cigarette smoking was associated with an increased risk of SAH in anyone 59 years of age or younger and in men. Juvela 20 and colleagues 21, 23 reported that among patients with SAH and who were 60 years of age or younger, cigarette smoking was a noteworthy risk factor for aneurysmal SAH, 21 for rupture of intact aneurysms, 23 and for the presence of multiple aneurysms. 20 Broderick, et al., 3 demonstrated that current cigarette smoking was the most notably modifiable risk factor for aneurysmal SAH among those with an age of 18 to 49 years. Therefore, among younger men, cigarette smoking appears to be the second most notable risk factor for SAH. Among older men and among women, however, the role of smoking as a risk factor seemed to be less crucial, mainly because of the small number of smokers. These findings may explain why SAH in patients 59 years old or younger occurred in men more often than in women in Izumo.
Cholesterol and SAH
It is uncertain whether there is any association between the serum total cholesterol level and the risk of SAH. A trend toward an inverse association between serum cholesterol and the risk of SAH has been noted in some studies, 8, 29, 32, 35 whereas in others no such relationship has been found. 4, 18, 27, 34, 44, 47 In one study authors noted a strong inverse association between the serum cholesterol concentration and death from SAH in men but not in women, 8 whereas authors in two other studies reported no significant relationship. 18, 34 Regardless, the biological mechanism responsible for the harmful effects of low serum cholesterol on cerebral arteries has not been well explained. On the other hand, in a case-control study, Adamson, et al., 2 asserted that atherosclerosis-which may be aggravated by increased cholesterol concentration-contributes to the rupture of cerebral aneurysms. Atherosclerosis is also promoted by hypertension and smoking and is often evident in cerebral aneurysms. 2 Traditionally, the Japanese have adopted a low-fat, lowcholesterol diet, especially compared with their Western counterparts. In recent years, however, due to dietary changes, the level of serum total cholesterol among Japanese adults has continued to increase. Nonetheless, the mean serum total cholesterol levels in Izumo residents were still relatively lower than those in the Japanese general population and certainly much lower than those in Western populations. 41 The results of this study showed that in anyone with an age of 60 or more years and in women, hypercholesterolemia increased the risk of SAH. It is well known that in women the serum concentration of cholesterol increases after menopause. No previous studies have been focused on serum cholesterol levels as a risk factor for SAH in relation to age, however. In anyone 59 years old or younger and in men, high serum cholesterol levels occurred more frequently in those with SAH than in controls, although this trend did not reach statistical significance. Therefore, among older women, it may be concluded that an increased concentration of cholesterol is the second most notable risk factor associated with SAH. These findings may explain why SAH in women 60 years of age or older were affected more often than men of the same age in Izumo.
Alcohol Consumption
The role of alcohol consumption in both the genesis and rupture of intracranial aneurysms is especially controversial. Data from several studies have demonstrated an increased risk of SAH in relation to alcohol intoxication and heavy drinking. 12, 21, 26, 28, 30, 32, 44 Nonetheless, the role of alcohol in SAH is not fully understood, except for an effect mediated by high BP. Current drinkers, especially episodic heavy drinkers, display higher BP levels than teetotalers, and a dose-response or J-shaped relationship between alcohol intake and BP has been observed in these individuals. 9, 31 Therefore, heavy alcohol use and binge drinking may increase the risk of SAH, probably mediated through hypertension during alcohol intake and withdrawal from alcohol. 21, 30 Note, however, that data from some studies have failed to show a significant association between alcohol consumption and an increased risk of SAH. 35, 40 Studies of risk factors for multiple intracranial aneurysms have revealed that alcohol intake does not trigger aneurysm formation. 20, 38 In the current study, alcohol consumption was not significantly associated with a risk of SAH, regardless of age and sex. According to data in a previous study, 11 when patients 59 years old or younger with aneurysmal SAH were considered, seasonal variations occurred in treated hypertensive or normotensive patients or in those who abstained from alcohol or drank only occasionally. In patients who had untreated hypertension or were daily alcohol drinkers, however, seasonal variations tended to be absent or of unclear significance. In these patients, it is likely that seasonal variations in SAH, which are probably related to changes in BP, are outweighed by changes in BP due to the effects of certain highly influential risk factors. According to Juvela, et al., 21 recent heavy alcohol intake is an independent risk factor for aneurysmal SAH in a dose-response manner in both men and women 60 years of age or younger. One reason why alcohol consumption was not a risk factor for SAH in the Izumo study population may have been attributable to the relatively small number of heavy drinkers. Therefore, it may be concluded that although alcohol consumption seems to be one of the risk factors for SAH, its effect is less marked than other risk factors.
Other Risk Factors
Diabetes mellitus is generally accepted as a notable risk factor for ischemic cerebral infarction through hypertension and atherosclerosis. Nonetheless, it is uncertain whether its prevalence in patients with SAH is greater than in the general population. 1, 4, 27, 35, 40 Data from some studies have shown that patients with SAH have a similar or lower prevalence of diabetes mellitus than the general population. 1,4,27 A consistent significant relationship between diabetes mellitus and SAH has not been found, however. In this study, an inverse association between diabetes mellitus and SAH risk was found in individuals 60 years of age or older and in women, although the biological basis of such a negative correlation is not well understood. Diabetic patients may reduce their risk of SAH through dietary controls or medical treatment or by altering some habits. 1 In addition, individuals 60 years of age or older and women showed an inverse association between heart disease and the risk of SAH, although this association has not been reported previously. In patients with heart disease, restriction of strenuous physical activity may partially explain this inverse association. Among men, the serum AST level was inversely associated with SAH risk, whereas the ALT level showed a positive relationship to SAH. At present, however, it is difficult to address the role of these risk factors in SAH.
Finally, when analyses were performed on confirmed ruptured aneurysms, very similar results were demonstrated. In the past, considerable interest was focused on risk factors for SAH, but very little attention was paid to age and sex. Considering that SAH increases with age and that the incidence of SAH differs between men and women, investigation of risk factors while taking age and sex into account seems to be very important. Further epidemiological, clinical, and laboratory investigations will be needed to clarify the risk factors for aneurysmal SAH.
Conclusions
The main findings of the present study were that risk factors for aneurysmal SAH differ between individuals older and younger than 60 years of age and between men and women. Hypertension was the most powerful risk factor for SAH, regardless of age and sex. The OR for hypertension was higher in women than in men. The second greatest risk factors were cigarette smoking in individuals 59 years of age or younger and in men and hypercholesterolemia in individuals 60 years of age or older and in women. In contrast, diabetes mellitus and heart disease reduced the risk of SAH in those 60 years of age or older and in women. These conclusions also held true for individuals with confirmed ruptured aneurysms.
